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This invention relates to titanium base alloys, and more
particularly, to a unique titanium-aluminum-vanadium
or molybdenum-silicon alloy having superior properties,
and to a method of preparing alloys having superior prop-
erties and consisting of titanium-aluminum-vanadium or
molybdenum, with or without silicon.

Although titanium based alloys have been known for
several years, such alloys have in most cases possessed
properties which left something to be desired in one re-
spect or another. In general, they tended to lack the re-
quisite combinations of strength and ductility and/or
combinations of tensile strength and impact strength for
toughness. Also, such alloys appeared to be unable to re-
tain high strength at high temperatures or to retain duc-
tility (particularly. under “creep” conditions) at high
temperatures. The formability properties of such alloys
also left something to be desired, particularly when alloy
formulations giving a high ultimate strength were desired.

According to the instant invention it has been discov-
ered that valuable alloys, suitable for structural purposes
and the like, having superior lJow temperature properties
and also superior high temperature strength can be pro-
duced by the use in combination of aluminum, silicon
and vanadium and/or molybdenum in a titanium base,
which is a polyphase alloy consisting primarily of the
alpha form or phase of titanium together with at least
one other distinct ‘microcrystalline phase that is known
as the beta form of titanium,

Another feature of the instant invention- involves a
special heat treating process for the instant alloys (con-
taining silicon) and also for titanium-aluminum-molyb-
denum alloys of the type heretofore known and described,
for example, in Jaffee and Ogden U.S. Patent No.
2,554,031, If the titaninm-molybdenum-aluminum alloys
described in said U.S. Patent No. 2,554,031 (not treated
in accordance with the teachings of the instant invention)
are subjected to creep conditions at elevated temperatures,
such alloys are likely to become brittle because of their
metallurgical condition. This tendency toward embrittle-
ment has heretofore limited greatly the utility of the
titanium-aluminum-molybdenum alloys; but the special
heat treating process of the instant invention substantially
completely overcomes -this tendency toward embrittle-
ment.

It is, therefore, an important object of the instant in-
vention to provide an improved titanium based alloy and
an improved method of forming stable titanium based
alloys. ' '

It is a further object of the instant invention to provide
an improved titanium-aluminum-vanadium or molyb-
denum-silicon alloy having superior physical and metal-
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lurgical properties at low and high temperatures; and an
improved method of forming the same.

It is yet another object of the instant invention to pro-
vide an improved method of stabilization heat treating
for titanium-aluminum-molybdenum alloys (which may
optionally contain silicon).

Other objects, features and advantages of the present
invention will ‘become apparent to those skilled in the
art from the following detailed disclosure thereof. )

The instant invention consists in an improved . alloy
composed essentially of 2% to 8% of aluminum, 2% to
6% of a metal from the class consisting of vanadium,
molybdenum and mixtures thereof, 0.1% to 1.5% of sili-
con, balance titanium. Process-wise, the instant inven-
tion also consists in an improved method of stabilization
treatment for the alloy just mentioned or for a correspond-
ing titanium-aluminum-molybdenum alloy containing no
silicon, wihch comprises the steps of, first, deliberately
coarsening the microstructure of the alloy by holding
the alloy at an elevated temperature in the polyphase
field for a sufficient period of time, then, quickly cooling
the coarsened alloy and, finally, aging the alloy at an
elevated temperature below the coarsening. temperature
until the beta phase becomes dark etching. -

The titanium base metal used in the present alloys may,
of course, contain substances, impurities, or the so-called
“Interstitial contaminants” such as carbon, oxygen and/or
nitrogen which are found in either high purity titanium
or commercially pure titaninm. The titanium used may
be commercial titanium such as may be produced by a
magnesium-reduction ‘process of the type described in
Kroll U.S. Patent No. 2,205,854; or the titanium used
may be a high purity or “iodide” process titanium such
as may be produced in accordance with the teachings of
Van Arkel U.S. Patent No. 1,671,213; provided that the
various impurity contents are such as to avoid appreciable
alternation of the advantageous physical and metallur-
gical properities of the instant alloy. In general, the
amount of oxygen in the alloy may range from a mere
trace quantity (i.e., about 0.01%) up to about 0.1-0.2%.
(As used herein, the terms “percent” and “parts” mean
percent and parts by weight, unless otherwise designated,
and the percents here given are based on the final alloy
weight.) The amount of nitrogen in the alloy may range
from a miere trace amount (i.e., about 0.005%) up to
0.1%. The amount of carbon in the alloy may range.
from a mere trace amount (i.e., about 0.01%) up to
0.25%; and the total oxygen, nitrogen and carbon con-
tents should not exceed about 0.5%, if the alloys are to
possess the superior physical and metallurgical properties-
herein obtained.

As is known, the “scavenger” properties of titanjum at
high temperatures permit titanium to take up appreciable
quantities of various materials, other than the inert gases,;
and formation of the instant alloy ‘is thus carried out
under conditions which tend to exclude such various ma-
terials and ingredients which are readily combined with
titanium. In the practice of the instant invention, the
instant alloy is preferably “double arc melted” in the
presence of an inert atmosphere such as argon; and this
is .done by first compacting a comminuted metal compo-’
sition having the desired formulation, in the form of a
suitable electrode, which is melted by the arc formed
using such electrode, and the resulting ingot is employed”



a second time as an arc-forming electrode which is re-
melted. It will be appreciated that other known meth-
ods may be used for compounding the instant alloy, such
as by hot rolling suitable sintered and unsintered pow-
dered metal compacts in a suitable protective atmosphere.

One contaminant which has been found to be of dis-
tinct importance is hydrogen, and it is particularly desira-
ble to prepare the instant alloy in the substantial absence
of hydrogen, since excessive amounts of hydrogen in the
instant alloy tend to impair the physical and metallurgical
properties thereof, or at least to subtract noticeably from
‘the superior properties characteristic of the instant alloy.
The amount of hydrogen in the alloy may range from
mere trace amounts (i.e., about 0.001%) up to 0.02—
0.03%.. Most preferably, the hydrogen content in the
alloy is not more than 0.02%.

. As indicated, the amount of aluminum in the instant
alloy may range from a minimum effective amount for
appreciably increasing the strength, of about 2% of the
alloy, t0 a maximum amount of aluminum, of about
8% of the alloy, which may be used without tending to
‘cause excessive brittleness in the alloy. A preferred
Tange is about 4% to about 6% aluminum in the alloy.
Even narrower ranges for the amount of aluminum are
preferred in the case of certain specific uses, which will
be described hereinafter.

"~ As previously mentioned, the amounts of vanadium,
molybdenum or mixtures thereof used in the practice of
the instant invention may range from a minimum amount
of about 1% or 2% at which improvements in strength
and formability are noticeable to a maximum of about
6%, above which no appreciable benefits are apparently
obtained in the alloy of the instant invention. It appears
that the desirable properties here obtained in the alloy
by the addition of vanadium or molybdenum indicate that
molybdenum in small amounts is somewhat more effec-
tive than vanadium, so that an appreciable effect is ob-
tained using as little as 1% molybdenum whereas a com-
parable effect requires approximately 2% vanadium. It
is ordinarily advisable to use vanadium (alone) within
the range of 4% to 6%, and most preferably 3% to
5%; whereas it is advisable to use molybdenum (alone)
in the instant alloy within the range of about 1% to 5%,
and preferably 3% to 4%.

An advantageous aspect of the instant invention resides
in the use of relatively small amounts of silicon to im-
prove strength properties, and particularly high tempera-
ture strength properties, without appreciably impairing the
formability of the alloy. For example, the strength
properties increase with increasing amounts of aluminum
and to a lesser extent with increasing amounts of vanadi-
um and/or molybdemum. The formability of the alloy,
however, tends to decrease with increasing amounts of
aluminum; and the formability will increase with increas-
ing amounts of vanadium and/or molybdenum. A 7%
aluminum-3% molybdenum-remainder titanium alloy has
appreciably greater strength than a 6% aluminum-3%
molybdenum-remainder titanium alloy, but it also has
poor formability (or greater resistance to hot working
particularly). The difference in formability is of critical
industrial significance, requiring different working tech-
niques, temperatures, dies, etc., merely because of a
change of 1% in the aluminum content (from 6% to
7% aluminum). On the other hand, the improvement
in strength is also of industrial importance and is of a
magnitude to.make it significant. In the practice of the
instant invention, however, it is possible to approximate
the high temperature strength of the 7% aluminum alloy
just described by adding ¥4 % silicon to the 6% alumi-
num-3% molybdenum-remainder titanium alloy just de-
scribed, without appreciably impairing the hot formability
of this alloy. The silicon addition is relatively small since
€Xcessive amounts thercof would tend to cause embrit-
tlement in the alloy and the maximum practical amount
of silicon which might be used in the instant alloy for
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obtaining improved high temperature strength without im-
parting undesirable properties to an unnecessary extent
is about 1.5%, and preferably about ¥2% to 1%. The
minimum amount of silicon which may be used to obtaip
an appreciable improvement in the instant invention is
about 0.1%, with the preferred range for the silicon con-
tent being 0.3-0.5%.

Alloy compositions of 6% aluminum, 4% vanadium,
V5% silicon, remainder titanjum and 6% aluminum, 3%
molybdenum, 12 % silicon, remainder titanium have been
found to be of particular industrial significance.

As previously mentioned, the preferred method for
compounding the instant alloy is double arc melting and
the resulting alloy may be hot rolled at, for example,
1400~1700° F. or hot forged at, for example, 1500~
2000° F. A unique feature of the instant alloys, as well
as certain titanium-aluminum-molybdenum alloys (which
will be described), is the response of these alloys to a cer-
tain heat treating procedure, which brings about an un-
usual alteration in the properties of the alloys reducing
or substantially eliminating their tendency toward embrit-
tlement under creep conditions at elevated temperatures.
Moreover, the heat treating procedure is itself unusual in
that the initial step involves coarsening of the alloy
microstructure, which-is in direct contrast to the accept-
ed techniques for the handling of titanium base alloys.
~ As has been explained hereinbefore, the instant alloys
are polyphase alloys in that they consist primarily of the
alpha form of titanium (at room temperatures) together
with at least one other distinct microcrystalline phase that
is known as the beta form of titanium. Heating of the
alloy to extremely high temperatures will result in the
substantially complete conversion to a single microcrystal-
line phase (presumably the beta phase); but the various
heat treating procedures herein described do not involve
heating this high or, in other words, heating above the
polyphase field. Also, it is known generally that heating
to an elevated temperature in the polyphase field, and
holding at this temperature for an appreciable pericd of
time, will initiate coarsening of the microstructure. Such
coarsening is well understood by those skilled in the art
and it involves, among other things, an increase in the
average interlamellar spacing in the microstructure.
Coarsening is a metallurgical phenomenon which is pe-
culiar with respect to the factor of time. Merely heat-
ing to a temperature at which coarsening should take
place is not sufficient to effectively initiate coarsening.
Instead, it is necessary to hold the alloy at this tem-
perature for an appreciable period of time (i.e., an ap-
preciable “incubation” period) which may be required
in order to obtain the necessary energy balance in the
alloy to actually initiate coarsening. Coarsening then

- takes place more or less as a function of the time (after

once initiated). In general, the prior art teachings in
connection with titanium base alloys make certain ref-
erences to “annealing” at an elevated temperature under
conditions which will effect recrystallization, but not sub-
stantial “grain growth” or re-solution of carbides. A
typical description appears in Jaffee, Ogden and Maykuth
U.S. Patent No. 2,596,489, wherein annealing is carried
out by “soaking at a temperature of about 850° C. for
about 3% hours.” This procedure is described as being
effective for recrystallization, but not substantial grain
growth. In the alloys of the instant invention, the alpha
phase is ordinarily present to a substantial extent and
additional phases such as the beta phase appear as dis-
persed grains or lamellae in the microstructure (with
the alpha phase providing the “interlamellar” spacing).
Coarsening is evidenced by an increase in the average
spacing and ultimately results in the formation of a
continuous alpha phase. Although it is not ‘desired to
limit the invention to any particular theory, it is believed
that the formation of the continuous alpha phase during
the coarsening procedure is of importance since this pro-
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vides an “envelope” of alpha titanium arvound discrete
beta phase particles and a complete alpha titanium matrig
in which the beta phase particles are dispersed. The
alpha phase is believed to possess elasticity such as to
permit higher ductility in the alloy and the alpha phase
is particularly effective in this capacity when it is the
continuous phase. The initial step in the instant heat
treating procedure thus involves coarsening the micro-
structure of the alloy to form a continuous and coarse
alpha phase. This condition does not result from the
ordinary alloy formation procedures (i.e., double arc
melting and the like) nor does this condition result from
working the alloy, for example, by rolling or forging.
Furthermore, the teachings of the prior art caution against
holding the alloy at an effective temperature for a period
sufficient to initiate coarsening, to say nothing of carry-
ing out coarsening to the extent necessary to form a con-
tinuous alpha phase.” In general, coarsening is carried
out at least to the extent necessary to effect doubling of
the average interlamellar spacing in the microstructure,
and preferably, to effect about ao 300-500% increase in
the average spacing.

As previously mentioned, the above identified titanium-
aluminum-vanadium or molybdenum-silicon alloy may
be used in the instant heat treatment, or a titanium-alum-
minum-molybdenum- alloy such as that described in said
U.S. Patent No. 2,554,031 may be used. The titanium-
aluminum-molybdenum alloy which may be used may
contain 2% to 8% aluminum, and preferably 6% to
7% aluminum. The molybdenum content of this alloy
may range from 2% to 6% and is preferably 2% to
4%. Specific embodiments include 7% aluminum-3%
molybdenum-remainder titanium and 6% alumiuum-3%
molybdenum-remainder titanium.

In a preferred embodiment of the imstant process,
coarsening is carried out at about 1566° F. to about
1650° F. for a period of time within the range of about
4 hours to about 24 hours.  As mentioned, the coarsen-
ing heat treatment of this step forms a continuous alpha
phase in the alloy.

Next, the alloy is quickly cooled and the cooling of
the coarsened alloy may be carried out in an inert at-
mosphere, or in air, or it may be carried out by quench-
ing the alloy. Various rapid cooling methods are well
understood by those skilled in the art; and the instant
cooling may be carried out to approximately room tem-
perature (followed by a reheat for the subsequent aging

step) or the cooling may involve merely dropping the

the temperature of the alloy to the temperature at which
aging takes place in the final heat treating step. The
aging process may be referred to as a stabilizing process
and it involves maintaining the alloy at approximately
the temperature of application, which temperature in
the case of heat resistant alloys of principal interest that
are here involved is in the neighborhood of at lecst about
1000° F. Preferably, the aging is carried out within the
range of approximately 1000-1200° F., which is slightly
above the application temperatures ordinarily contem-
plated (which usually are in the range of about 800° F.
to about 1000° F.). The aging is carried out until a
dark etching beta phase is formed. Specifically, the
etchant used is 60 cc. of glycerine, 20 cc. of concentrated
nitric acid, and 20 ¢c. of concentrated hydrofiuoric acid;
and aging is carried out until the beta phase is dark
etching in response to the application of this etchant.
Etching techniques generally are well understood by those
skilled in the art and need not be described in further
detail herein and it should also be noted that etching is
used in metallurgy to ascertain certain changes taking
place in the microcrystal structure. In the instant case
the length of time for aging is measured on the basis of
conversion of the beta phase to a dark etching phase.
Ordinarily, aging at temperatures of 1000° F. to 1200°
F. for about 4 hours to about 24 hours is desirable.
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Specific embodiments of the instant invention are shown
in the attached tables:

TABLE 1A
Alloy
Intended Composition
in Weight Pereent
Alloy (Balanee T'itaninm) Heat Treatment
Al { Mo V 81
1,110° F.—24 hrs. —AC
Ao 3] A 0.5 {1 560" F.—24 hrs, —WQ, 1,020° F —
48 hrs.—AC
1,110° F,.—24 hrs.—AC
Bo...... 6 b2 0.5 [{1,560° F.—24 hrs -—WQ 1,020% s
48 hrs.—AC
1,110° F.—24 hrs.~A 0,
[ —— 6 2 0.5 31, ,560° 24 hrs —WQ, 1,020° F —
48 hrs.—AC
1,110° F.—24 hrs —~A
[ 30— 4| 0.5.{1,569° F.—04 hrs. —-WQ, ,020° B~
48 hrs.—AC
6 1 0.5 1,669° F.—24 ‘m‘s —AC, 1,020% B,—
48 hrs.—AC.
Foooa. 6 8 0.5 | 1,560° F.—24 hrs,—AC, 1,020° F—
48 hrs.—AC.
[¢ S 6 - 2 S 0.5 | 1,650° ¥,—24 hrs.—A.C, 1,020° F,—
48 hrs.—AC.
H. ... i 70— 4 05| 1,560° P.—24 hrs.—AC, 1,020° F .~
48 hrs.—AC.
P S 6 b2 —— 0.5 | 1,560° F.—24 hrs.—AC, 1,020° B
48 hrs.—AC.
) R 6 L - 0.5 | 1,650° F.—24 hrs.—AC, 1,020° F.—.
48 hrs.—AC.
FC—furnace cool.
AC—air cooled.
WQ—water quenched.
TABLE 1B
Tensile properties of Ti-Al-Mo-Si and Ti-Al-V-Si alloys
ROOM TEMPERATURE
Ultimate] Yield | Redue- | Elonga- | Modulus {Diamond
Tensile | Strength [ tionin | tionin1 | of Elas- | Pyramid
Alloy | Strength | (0.2% Area, inch, ticity |Hardness
(p.s.i) offset) percent | percent | 10% p.si.} (20 Kg.
(p.s.i.) load)
A { 140,300 | 128,300 27.2 1.5
"""" 140,000 | 127,700 29.6 15
B { 156,000 | 136,000 15.2 1L 5
"""" 155,300 [ 134,390 25.0 12
o { 154,000 | 144, 300 13.6 6
"""" 163, 500 ¢ 138, 000 15.4 8
D 155, 000 137, 500 L5 9
""""" 146,000 | 138,000 21.8 10
AT 1,020° F
78, 800 62, 000 52.0 15
79,800 53, 630 57.0 18
93,830 70,700 53.0 16.5
87,000 59, 800 44.2 16.5
AT 1,200° F.

J e 76, 500 42, 0600 69.2 22 10.3 {ocomeaeee -
XKoo 72,200 35, 100 64.4 20 14, 2j ..........
TABLE 2A
Alloy

Intended Composition,
Weight Percent
Alloy (Balance Titanium) Heat Treatment .
Al { Mo} V 8i
| P 6 S 0.5 1,560° F.—24 hrs.—AQC, 1,020° F,.—.
43 hrs.—AC.
.Y S [ ) R 0.5 | 1,560° F.—24 hrs,—AC, 1,020° F.—
48 hrs,—AC,
Nuceoaeo 6 L1 I 0.5 1,650° F.—24 hrs.—AQC, 1,020° F,~=
48 hrs —AC.
[ SR 6 41 0.5 1,660° F.—24 hrs,—AGC, 1,020° F—.
48 hrs,—AC.
AC—air cool.
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TABLE 2B Tt will be understood that modifications and variations
Creep-rupture properties of Ti-Al-Mo-Si dnd Ti-Al-V-5i may be effected without departing from the scope of the'
alloys novel concepts of the present invention.
o Min I claim as my invention:
T;PH‘I";%F R“pt‘;fgft’ess' sggsgtggé‘;ff{a?gf‘ 5 1. A method of preparing a stable alloy for high tem-
.Alloy . ature, perature use that is composed essentially of 2% to 8% of
F 1 100 T, | 500 Exs, 0.19%/ETr. |0.01%/Er. aluminum, 2% to 6% of a metal from the class consist-
. ing of vanadium, molybdenum and mixtures thereof,
L 100 | 52,000 0.1% to 1.5% of silicon, balance titanium, wherein the
Moo { Lo | 52,00 aluminum content is at least as great as that of said metal,
N { 020 | 57000 which comprises the steps of holding the alloy at an
o T % %gg }48 888 elevated temperature in the polyphase field for a period
""""""""" ’ of time sufficient to coarsen the microstructure forming
TABLE 3A a continuous alph.a phase, quickly cooling the coarsened
. 15 alloy, and then aging the alloy at an elevated temperature
Intended Composition, below the coarsening temperature until the beta phase
. Weight Percent .
Alloy (Balan%e Titanium) Heat Treatment becomes dark etching. . i
2. A method of preparing a stable alloy for high tem-
‘Al Mo | v | s 20 perature use that is composed essentially of 2% to 8%
of aluminum, 2% to 6% of a metal from the class con-
Poeee 8 1] 0.5 | 1,560° F.—24 hrs.—AC, 1,020° F.— sisting of vanadium, molybdenum and mixtures thereof,
Quoinn ol 2l 0.5 l’g:ﬁiofrf‘ :gghfs —AC, 1,020° F— Oil%' to 1.5% of si'licon,lbalance titanium, \I)lvherefin th;
8 hrs.— aluminum content is at least as great as that of sai
....... 31| 0.511,650° F.—2¢ hrs,—AC, 1,020° F.— . . A
R 6 0-5 | 1,680° B.—2¢ brs. o5 metal, which comprises the steps of holding the alloy at
< SO [ 3 P 4| 0.5 1,1%0;’“ _-_—i‘ichrs —AC, 1,020° F— 1500-1650° F. for a period of time sufficient to coarsen
the microstructure forming a continuous alpha phase,
TABLE 3B
Stability of room temperature tensile properties of Ti-Al-
Mo-Si and Ti-Al-V-Si alloys upon exposure to creep at
elevated temperatures
Exposure Conditions Before Exposure After Exposure
Alloy Def. Ultimate | RA, Elong. Ultimate RA, | Elong.
Temp., | Stress, Time, [¢10] Tensile Per- 1), Tensile Per- 1,
°F. p.S.i. Hrs, Per- | Strength, | cent | Percent | Strength, | cent Per-
cent p.s. p.s.d. cent
Po.lee 1,020 | 15,000 501 5 0.0 140,000 |  29.6 15.0 134, 200 6.0 3.0
Q { 1,020 | 15,000 501. 6 0.0 155,300 [ 25.0 12.0 142,200 | 18.2 8.0
------ 1,200 5,000 500. 4 L0 155,300 |  25.0 12.0 131,800 | 1L6 6.0
R { 1,020 | 15,000 503.8 0.0 152,500 | 16.8 10 156,400 | 1L.9 8.5
------ 1,200 5,000 520.7 0.5 152,500 | 16.8 1.0 141,200 | 15.5 10.0
I 1,020 | 10,000 500.0 0.0 146,000 | 2.8 10.0 149,500 | 10.9 8.0
quickly cooling the coarsened alloy, and then aging the
TABLE 4A 45 alloy at 1000-1200° F. until the beta phase becomes
dark etching.
Alloy Condition of Ti—7% Al-3% Mo Alloy 3. A method of preparing a stable alloy for high tem-
perature use that is composed essentially of 2% to 8%
As-forged-water quenched (unstable). i -
Aped 1020° B9t DreceA Gl 50 of aluminum, 2% to 6% of a metal from the class con

-| Part l—Coalsemng anneal only: 1,675° F.—24 hrs.—WQ.
Coarsening anneal and age No. it 1,470° F.—6 hrs.—WQ,
1,020° F.—48 hrs.—AC.

Coarsemng anneal and age No. 2: 1,675° F.—24 hrs.—~WQ,

1,020° F.—48 hrs.—AC.
. S, Coarsemng anneal and age No. 2 followed by exposure to
1,020° F. for 1,001 hours under a stress of 20,000 p.s.i.
/P Coarsenmg anneal and age No, 3: 1,575° F. 94 hrs —WQ,

1,200° F.—48 hrs.—AC, followed by exposure to 1,200°
¥ for 1,001 hours under a stress of 6,000 p.s.i.

TABLE 4B

Application of special two-part stabilizing heat treatment *
10 Ti—7% Al—3% Mo alloy for elevated temperature
application

Ultimate | Yield Reduce- | Elong, | Modulus | Diamond
Tensile |Strength | tionin | in 1 | of Elas- | Pyramid
Alloy | Strength, 0.2% Area, Per- ticity, | Hardness
p.s.d. Offset), | Percent | cent | 108 p.si. | (20 Kg.
p&.d. Coal)
153,000 | 131,300 27.0 13 17.1 333
151,000 | 138,000 9.3 7.5 17.5 357
149, 000 77,000 42.5 18.8 12.8
151,000 | 132,000 17.5 11.2 19.1
161,000 | 134,000 26.2 15.0 16.6
- 159,200 | 134,900 28.0 15
138,000 | 122, 000 14.9 11

" 1'Two-part stabilizing heat treatment consists of (1) a coarsening anneal
high in the a-8 field and (2) an aging treatment at a lower temperature
to stabilize the 8 phase.
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sisting of vanadium, molybdenum and mixtures thereof,
0.1% to 1.5% of silicon, balance titanium, wherein the
aluminum content is at least as great as that of said
metal, which comprises the steps of holding the alloy at
an elevated temperature in the polyphase field high in the
polyphase field for a period of time sufficient to coarsen
the microstructure forming a continuous alpha phase so
that the average interlamellar spacing in the microstruc-
ture is at least doubled, quickly cooling the coarsened
alloy, and then aging the alloy at an elevated temperature
below the coarsening temperature until the beta phase
becomes dark etching.

4. A method of preparing a stable alloy for high tem-
perature use that is composed essentially of 4% to 6%
of aluminum, 3% to 5% of vanadium, 0.3% to 0.5%
of silicon, balance titanium, the titanium containing up
to 0.02% H, wherein the aluminum content is at least as
great as that of the vanadium, which comprises the steps
of holding the alloy at an elevated temperature in the
polyphase field for a period of time sufficient to coarsen
the microstructure forming a continuous alpha phase,
quickly cooling the coarsened alloy, and then aging the
alloy at an elevated temperature below the coarsening
temperature until the beta phase becomes dark etching.

5. A method of preparing a stable alloy for high tem-



2,918,367

9

perature use that is composed essentially of 4% to 6% of
aluminum, 3% to 4% of molybdenum, 0.3% to 0.5% of
silicon, balance titanium, the titanium containing up to
0.02% H, wherein the aluminum content is at least as
great as that of the molybdenum, which comprises the
steps of holding the alloy at an elevated temperature in
the polyphase field for a period of time sufficient to
coarsen the microstructure forming a continuous alpha
phase, quickly cooling the coarsened alloy, and then
aging the alloy at an elevated temperature below the
coarsening temperature unti! the beta phase becomes dark
etching.

References Cited in the file of this patent
UNITED STATES PATENTS

2,370,289 Chandler .o Feb. 27, 1945
2,453,896 Dean Nov. 16, 1948
2,554,031 Jaffee et al, oo May 22, 1951
2,655,457 Verdi Oct. 13, 1953
2,661,286 Swazy Dec. 1, 1953
2,666,698 Dickenson et al. - Jan. 19, 1954
2,700,607 Naethe meeem e Jan. 25, 1955
2,754,203 Vordahl July 10, 1956
2,754,204 Jaffee et al, — oo July 10, 1956
2,777,768 Busch et al, o Jan, 15, 1957
2,857,269 Vordabl e Oct. 21, 1958

10

15

20

25

OTHER REFERENCES

Abstract by Delarzo and Rostaker, 1953, Reprint No.
8, 18 pages.

Abstract by Kessler and Hansen, 1953, 1953 Reprint,
No. 5, 22 pages.

Titanium-Silicon Alloys, by Sutcliffe, pages 191-197,
Metal Treatment and Drop Forging Mag., April 1954,

Titanium Project (Mallory Reports), Final Report No.
9, Released by OTS as PB107,150 on September 12,
1952, page 82.

Titanium Project (Mallory Reports), Final Report No.
5, Released by OTS as PB102,070 on May 11, 1951,
pages 40, 41.

“Titanium-Aluminum System,” by Bumps et al., publ
in Transactions AIME, Journal of Metals, June 1952,
pages 609-614.

“Tin Increases Strength of Ti-—Al Alloys Without Loss
in Fabricating,” by Finlay et al., publ. in Journal of
Metals, January 1954, pages 25-29.

“The Martensite Transformation Temperature in
Titanium Binary Alloys,” by Duwez, publ. as Preprint
No. 35 in A.S.M. in 1952, pages 1-7. Received by P.O.,
Sept. 4, 1952

“Titanium Alloys for Elevated Temperature Applica-
tion,” by Carew et al, prepared by Wright Air Develop-
ment Center, May 1953 as WADC Technical Report
52-245, pages 68-71. Copy received by P.O., July 30,
1953.



